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(54) Title: UNDERWATER TREATMENTS 
(57) Abstract 

An electiosurgical instrument, for the treatment <tf tissue in the pres- 
ence of an electrically-conductive fluid medhun, comfvises an instrumem 
shaft (10), and an electrode assembly (12) at one end of the shaft Jht 
electrode assembly (12) comprises a tissue treamtem electrode (14) «id a 
return electrode (18) which is clectricaily insulated ttm the tissue treatmcm 
electrode by means of an ittsabttoo mcnibcr< 16). The tissue treati^^ 
trode (14) has an exposed end (I4a) extending laterally through a cut-out 
(16a) provided in the msulatioQ member (16) at the distal end poition of 
the instrument. The icmm electrode (18) has a fluid contact surface (18a) 
which overiies the tnsulatioo inember (16) in the region of Che cut-out (16a). 
The fluid contact surface (18a) is spaced from the tissue treatmem electrode 
(14) in such a manner as to define, in use, a conductive fluid path that com- 
pletes an electrical circuit between the tissue tieatn^ electrode and the 
ictum electrode (18). 
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UNOERWATOl •mEATMEKTS 



■ .0 an elcarosursical instrument for the treatment of .issue in the 

elecirosuruerxMn which honwmsu v. « ,he ooeraiion site. A Mseous 

.i«^mil« immersed in hquid at the operation 

.r „,„«iHe a conduit (commonly referred to as a ttorKin„ 
the passage of an electrode . ,„ rfactrode orthe electrode may be 

the prostate uland and tne desiimed for use m ibc 

resection or «por.sa.K>n of the prostate uiana 
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rcspcoiydy. When ihcre is no nalural body opcmng through which an endoscope may be 
passed, die technique of triangulation is commonly cmpioycd. Triangulalbn is commonly 
used during underwater endoscopic surgery on joint cavities such as the knee and the 
shoulder. The endoscope used in these procedures is commonly referred to as an 
5 anhroscope. 

Electrosurgery is usually carried pui using either a monopolar instrument or a bipolar 
instrument. With monopolar electrosurgery. an active electrode is used in the operating 
regioa. and a conductive return plate is secured to the patient's skin. With this 

1 0 arrangement, current passes from the active electrode through the patient's tissues to the 
external return plate Since the patient represents a significant ponion of the drcuii. mpui 
power leveb have to be high (typically* 1 50 to 250 wansK to compensate for the resisdve 
current limiting of the patient's tissues and* in the case of undcrwacr electrosurgery. 
power tosses due to the fluid medium which is rendered partially conductive by the 

1 5 presence of Wood or other body fluids. Using Wgh power with a monopolar arrangement 
is also hazaidous, due to die tissue heating that occurs at the return plate, which can cause 
severe skin bums. There is also the risk of capadti ve coupling between ihc instrument and 
patient tissues at the emr\r point into the body cavity 

20 With bipolar electrosurgery. a pair of electrodes fan active electrode and a return 
electrode) are used together at the lissue application site. This arrangement has advantages 
from the safety standpoint due to the relative proximity of the two electrodes so that radio 
frequency currents are limited to the region between the clearodes. However, the depth 
of efTcct is directly rdaied to the distance between the tv*ro electrodes; and, in applications 

25 requiring very sm^ electrodes, the inter-electrode spacing becomes very small thereby 
limiting tissue effect and the output power. Spacing the dectrodes further apart would 
often obscure vision of the applicatton site, and would require a modification in surreal 
technique to ensure direct contact of both dccirodes with the tissue. 

30 There are anundjcrofvariations to the basic design of the bipolar probe. For example, 
U S- Patem Spcdfication No.4706667 describes one of the fiindamcmals of the design. 
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namdy that the ratio of the contact areas of ihe retum dcarode and of the active electrode 
is greater than 7: 1 and smaJler than 20: 1 for cutting purposes. This range relates only to 
cutting electrode configurations. When a bipolar instniment is used for desiccation or 
coagulation^ the ratio of the contact areas of the two electrodes niay be reduced to 
5 approximately 1 : 1 to avoid dilferemial electrical stresses occurring at the comact between 
the tissue and the electrode. 

The dectricaJ junction between the return electrode and tissue can be supported by wetting 
of the tissue by a conductive solution such as ncmnal saline. This ensures that the surgical 

i 0 effect is limited to the needle or active electrode, with the dearie circuit between the two 
electrodes bdng completed by the tissue. One of the obvious limitations with the design 
is that the needle must be completely buried in the tissue to enable the return dectrode to 
complete ihe circuit. Another problem is one of the orienution: even a rdativdy small 
change in application angle from the ideal perpendicular contact with respea to the tissue 

1 5 sur&ce. wall change the contact area ratio, so that a surgical effect can occur in the tissue 
in contaa with the retum electrode. 

Cavity distension provides space for gaining access to the operation site, to improve 
visuaOsatioiv and to allow for manipulation of instruments. In low vohtme body cavities. 
20 particularly where it is desirable to distend the cavity under higher pressure, liquid rather 
than gas is more conmionly used due to better optical characteristics, and because it 
washes blood away from the operative site. 

Conventional underwater dectrosurgery has been performed using a non-corufaiaive liquid 
25 (such as L5% glycine) as an irrigant, or as a distension medium to dimtnate electrical 
conduction losses. Glycine is used in isotonic concentrations to prevent osmotic changes 
in the blood when intra-vascular absorption occurs. In the course of an (^>eratton« veins 
may be severed, with resuham infusion of the Squid into the circulatton« which could cause, 
among other things, a dihition of senim sodium which can lead to a condition kiu>wn as 
30 water intoxication. 
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The applicants have found ihat it is possible to use a conductive liquid medium, such as 
nonnal saline, in underwater endoscopic dectrosurgcry in place of non-conduciivc, 
cicarolyte-frcc solutions. Normal saline is the preferred distension medium in underwater 
endoscopic surgery when elcctrosurgciy is not contemplated, or a non-dcctricai tissue 
5 effca such as laser ircaimcm is bang used. Although normal saline (0.9%w/v; 1 50mmol/l) 
has an electrical conduciivit>' somewhat greater than that of most body tissue, it has the 
advantage that displacement by absorption or extravasation from ihc operative site 
produces little phyriological effect and the so-called water intoxication effects of non- 
conductive, clectrolyte^free solutions arc avoided. 

10 

The applicants have developed a Hpolar instrument suitable for undci^vatcr dectrosurgcry 
usinu a conductive liquid or easeous medium This dearosurgical instrument for the 
treatmcm of tissue in the presence of a fluid medhim. comprises an instrument body having 
a handpiece and an insmiment shafl, and an electrode assembly at one end of the shaft. The 
1 5 dcctrode assembly comprises a tissue treatment dectrodc which is exposed at the extreme 
distal end of the insmiment. and a return dccuodc which is dectricaliy insulated from the 
tissue treatment electrode and has a fluid contact surface spaced proximaily from the 
exposed part of the tissue treatment clearode. In use of the instrument, the tissue 
treatmcm dectrodc is applied to the tissue to be treated whilst the return electrode, bdng 
20 spaced proximaily from the exposed part of the tissue treatment dectrodc, is normally 
spaced from the tissue and serves to complete an dectrosurgical current loop from the 
tissue treatment dectrodc through the tissue and the fluid medhim. This dectrosurgical 
instrument is described in the specification of our European Patent Application 
969U786.L 

25 

The dectrode structure of this instrument, in combination with an dcctrically-conductive 
fluid medium, largdy avoids the problems experienced with monopolar or bipolar 
clectrosurgcry. In particular, input poWer Icvds arc much lower than those gojcraily 
necessary whh a nwnopolar anangemcnt (typically 100 watts). Moreover, because of the 
30 rdativeh- hrge spadng bctu-ecn its dcctrodcs, an improved depth of effect is obtained 
compared with conventional bipolar arrangements. 
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Ananhroscope electrode may be Characterised as shcnt.OO to .40 mm), and ri«^ 
, working diameter up to 5 mn,. 1. can be introduced through . stab incision .«o aptnt 
cavity (With or without a cannula) using the triangulaUon technique. Such an electrode ts 
operated withamotion which moves the electrode between theOO-aodcandSOaodc 

5 positions on the arthroscopic intag. As a result, the tissue to be treated .s usually 
approached at a shallow working angle with respea to the axis of the electrode. An 
Iroscopicdearode thus needs to have aneffec. consisted with this angled approach 

to the tissue. The tissue to be tre«ed. such as memsC canilage. is con.nK«ly dense and 
of a high electrical impedance. An arthroscope electrode requires output power and 
,0 vo.taseseningstha.re«eathetypeoftissuebdngtrea.ed.thesizeofdec.,ode..ndt.. 
fact that anhroscopbts are seeUingaspeed of effect comparable to that of the me^^ 

^ver devces thev current^ employ, albeit with an electrode of smaUer dimenstons than 
a^avcr blade for improved access. Joint space, are commonly smalUtheiou^tspac^m 

the knee being typically 60 to .00 mis under fluid distension), and tissue often needs 
,5 mechanica. manipulation. Known monopoUr arthroscopic elecuode configunutons. 
.berefor..reofarigidconstn,c.ion.havlngang.edhookorprobe-tipconfi^^^^^^^^^^ 

produce cutting of high impedance tissue, ami to connect to an ergonomtc handptece 

aid tissue manipulation. 



20 The »m of the invention 



Lsto provide an improved electrosurgical instrument of this type 



The p^sem invention provide, an electrosurgicd i«s.n.mcnt for the ucaunent of ussue « 
*e presence of an electrically-conductive fluid medium, the instn.me« compnstng 
•^*a.t.andanelec.rodeassc«*.y atoned 
25 comprisina a tissue treatment electrode and a return electrode ^^^^^^^ 
i„«.3tedfh,mthe.issue.rea.«e«te.ectrodebyme«»ofani^^^ 
^dectrodehavingancxposedendextendinglaterallyt^^^ 
i„ the insulation member at the distal end portion of the instrument. «ul the .«ur« 
elccttodehavingaihndcontaa surface which overlies the i^^^^^ 
30 of the cut-out. said fluid contact surface being spaced from the tissue treatment electrode 
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in such a manner as lo define, in use, a conductive fluid pah that complcies an elertrical 
drcuii between the tissue ireatmeni eJearode and the return dcctrtxie. 

The invention also provides an decuosurgical insimmcni for the treaunent of tissue in the 
5' presence of an electrically-conductive fluid medium, the instrument comprising an 
instrument shaft, and an.dcarode assembly at one end of the shaft, the electrode assembly 
comprising a tissue ueauneni elearodc and a rcnim decirode wluch is dectrically 
insulated the tissue tfcatmem dectrodc by means of an insulation member, the tissue 
treatment decirode ha\ing an exposed end extending laterally through a cut-out provided 
10 in the insulation member, wheitin the remm dearode has a distal end portion with a fluid 
contact surface which overlies the insulation member in the region of the cut-out and faces 
bterally in a first direction, and wherein the insulation member projects laterally outwardly 
between said distal end portion and the tissue treatment dectrodc the tissue treaimoii 
dectrode faring laterally in a second direaion opposite to said first direction. 

15 

The laieraily-prqjectintt pan of the insulation member increases the conductive fluid path 
length from the tissue treatment elearodc to the return dectrode, and forces the dectric 
fidd outvwdW. thereby prcvcming preferential arcing between the return dectrodc and 
ihe nearest pan of the tissue treatment dearode. and promoting ardng between the tissue 
20 treatment elearode and the neighbouring tissue. 

The return dectrode is spaced from the tissue treaunent dearode so that, in use, it does 
not contaa the tissue to be ueated, and so that the electrical circuit is always completed 
by the conduatve fluid, and not simply by arcing between the decirodes. Indeed, the 
25 arrangement is such thai ardiuj between adjaccm parts of the dectrode assembly is 
avoided, thereby ensuring that the tissue trcattnem dectrodc can become envdoped in a 
vapour pocket so thai tissue entering the vapour pocket becomes the preferred path for 
current to flow back to the return dearode via the conduaive fluid. 



30 The clcorosurgical instrument of the invention is useful for dissection, resection, 
vaporisation, desiccation aid coagulation of tissue, as well as for condanations of these 
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functions It has a parlicuiar application in arthroscopic surgery as it pertains to 
endoscopic and percutaneous procedures performed on joints of the body including, but 
not limited lo. such techniques as they apply to the spine and other non-synovial joints. 
Arthroscopic operative procedures may include: panial or complete meniscectomv of the 

5 knee joint including motiscal cystectomy; lateral retinacular release of the knee joint; 
removal of anterior and posterior cmdate Bgamems or remnants thereof; labral tear 
resectioa aaonrioplasiy, burseaomy and subacromial decompression of the shoulder joint; 
anterior release of the tcmpcromancfibular joint: synovectomy, cartilage debridcmcm. 
chondroplasty. division of intra-anicular adhesions, fracnirc and tendon debridement as 

10 applied to am* of the synovial joints of the body; inducing thermal shrinkage of joint 
capsules as a treatment for recurrent dislocation, subluxation or repetitive stress injury to 
any articulated joint of the body: discectomy ciihcr in the ircaiment of a disc prolapse or 
as part of a spinal fusion via a posterior or anterior approach to the cervical, thoracic and 
lumbar spine or any other fibrous joint for similar purposes; excision of diseased tissue; and 

15 haemostasb. 

The instrument of the invention is also useful for dissection, resection, vaporisation^ 
desiccation and coagulation of tissue* as well as combinations of these functions, with 
particular application in urological endoscopic (urethroscopy, cystoscopy, ureteroscopy 

20 and ncphroscopy) and pcfcuianeous surgcr>'. Urological procedures may include: electro- 
vaporisation of the prostate gland (EVAP) and other x'arianis of the procedure commonly 
referred to as transurethral rescaion of ihc prostate (TUR?) including, but not limited to. 
interstitial ablation of the prostate gland by a percutaneous or perurethral route v^^hcther 
performed for benign or malignant disease; transurethral or percutaneous resection of 

25 urinary tract tumours as they may arise as primary or secondary neoplasms, and further as 
they may arise anywhere in the urological tract from the calyces of the kidney to the 
external urethral meatus, division of sirioures as ihcy may arise at the pdviureteric 
junction (PUJ). ureter, ureteral orifice* bladder neck or urethra; correction of ureterocoelc; 
shrinkage of bladder diverticular, cystoplasiy procedures as they pertain to corrections of 

30 voiding dysfunction; thermally induced shrinkage of the pelvic floor as a corrective 
treatment for bladder neck descent; excision of diseased tissue; and haemostasis. 
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Surgical procedures using the electrosurgicai instrument of the invention may also include 
introducing the electrode assembly to the surgical site, w hether through an anificial 
conduit (a cannula) or a natural conduit, which may be in an anatomical body cavity or 
space, or oiie created suripcally. The cavity or space may be distended during the 

5 procedure using a fluids or may be naturally held open by anatomical structures. The 
airgical site may be bathed in a continuous flow of conductive tluid such as saline solution 
either to till and distend the cavity, or to create a locally-irrigated environment aroimd the 
tip of the electrode assembly in a gas filled cavity. The irrigating fluid may be aspirated 
firom the surgical site to remove products created by application of the RF energy, tissue 

10 debris or Wood The procedures may include sirouhaneous viewing of the site via an 
endoscope, or using an indirect visualisation means. An irrigated bipolar electrosurgical 
instniment is described in the specification of our International Patent Application 
GB96/0I472. 

15 Advantageously, the exposed end of the tissue treatment electrode is constituted by a 
phirabty of tissue contact filamcmary members made of an elecirically-conduaivc material, 
the filamentary members being electrically connected to a conunon electrical supply 
conductor 

20 In a preferred embodiment, a single coiled filament constitutes the filamentary members, 
the coils of the ftlameiu constituting the filamemary members. The filament may have a 
diameter lying in the range of from 0.05 mm to 0, 5 mm 

In another preferred embodiment, a plurality of separate, individual filaroenu constitute the 
25 filamoiiaiy members. The 61amems may each have a length King within the range of from 
0.5 mni to 5 mm, aitd a diameter lying within the range of from 0.05 mm to 0.5mro. 

Preferably, the filamentary members arc made of tungsten, or of an alloy of tungstoi or 
platinum. 

30 

Ahematively. the exposed end of the tissue contact electrode is constituted by a mesh. 
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Prcfierably, the instrument further comprises suction means for applyintt a sub*atmosphenc 
pressure to the tncehor of the insulation member, whereby vapour bubbles produced in the 
region of the tissue treatment electrode are evacuated via the interior of the instrument. 

5 

Advantaucously. the cut-out is formed in a lateral suriace of the insulation member 
adjacent to the distal end thereof In this case, the instrument can be used as a side-efTea 
instrument. Alternatively, the cut-out is formed obliquely across the distal end face of the 
msulation member, whereby the exposed end of the tissue treatment electrode has both an 
10 axiaily-facing tissue contact portion ar>d a laterally-facing tissue contact portion. In this 
case, the instrument can be used as both an end-elTect instrument and as a side-effect 
instrument 

Advantaucously. the dimensions and configuration of the tissue treatment electrode, the 
1 5 flukl contaa surface and the insulation meniber are such that, when the electrode assembly 
is immersed in a conductive fluid medium, the ratio of (i) the length of the shortest 
coiKiuctive path through the fluid medium between the fhud contaa surface and that pan 
of the tissue treatment elecuode which is furthest from the fluid contact surface, to (ti) the 
length of the shortest conduction path through the fluid medmm between the fluid contaa 
20 surface and the tissue treatment electrode is at most 2 to K 

Preferably, the laterally-projecting portion of the insulation member defines an insulation 
barrier to divert elearical current flow through the fluid medium thmby to increase said 
shortest conduction path length between the fluid contact surface and the tissue treatment 
25 electrode. The first direction may define a treaunent axis, and said two shortest conductive 
paths may lie in a common plane comaintng the treatment axis. 

The invention also provides an eiecurode unit for an dectrosur^cal instrument for the 
treatment of tissue in the presence of an e{ectncaily*cotxfaiaive fhiid mcditim. the electrode 
30 unit comprisimj a shaft having at one end wtans for oonnecttcm to an institimem handpiece, 
and, mounted on the other end of the shaft, an electrode assembly comprising a tissue 
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ireatmcni electrode and a return electrode which is electrically insulated from the tissue 
treatmcni dcctrodc by means of an insulation member, the tissue treatment dertrodc 
having an exposed end extending laterally through a cu!-out provided in the insulation 
member, and the return electrode having a fluid contact surface which overlies the 
5 insulation member in the region of ibc cut-out said fluid contact surface being spaced from 
the tissue ireatmem decirode in such a manner as to define, in use. a conductive fluid path 
that completes an electrical circuit between the tissue treatment dectrodc and the return 
dectrode. 

10 The invention further provides dcctrosurcical apparatus comprising a radio frequency 
generator and an elcctrosurgical instalment for the ircaimeni of tissue in the presence of 
an dearicaUy-conductiv-e fluid medhmi. the insinmwni comprising an instalment shaft, and 
an d«3rode assembly at one end of the shaft, the dearode asscn^ly comprising a tissue 
treatment decirode and a return dearode which is dectricaily insulated from the tissue 

15 treatment decirode by means of an insulation member, the tissue treatment dcctrodc 
having an exposed end extending laterally through a cut-out provided in the insulation 
member at the distal end portion of the instalment, the return dcctrodc having a fluid 
comaa surface which overlies the insulation member in the retpon of the cut-out, and the 
n£o frequency generator having a bipolar output connected to the electrodes, said fluid 

20 contact surface being spaced from the tissue ircaiment dectrode in such a manner as to 
define, in use, a conductive Ibid path that completes an decrical circuit between the tissue 
u^catment decirode and ihe return dectrode. 

Advantageously, the radio frequency generator indudes control means for varying the 
25 output power delivered to the dcctrodes. the control means may be such as to provide 
output power m first and second output ranges, the first outpiit range bdng for powering 
the dectrosurgical instrumcm for tissue defecation and the second output range being for 
powering the dectrosurgical instfumeni for tissue removal by cutting or vaporisation. 
Conveniently, the first output range is from about 150 vohs to 200 vohs. and the second 
30 output range is from about 250 volts to 600 volis» the voltages bdng peak voltages. 
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Preferably, the control means is such as to akcmatc the output po^ver between first and 
second powers in the first and second output ranges. Alternatively, the control means is 
such as to pulse the output power at a power within the second output range. 

S The invention *ill now be described in greater detail, by way of example, with reference 
to the drawings, in wWch:- 

Figure 1 is a diagram showing an electrosurgical apparatus constructed in accordance 
with the invention; 

10 

Figures 2 to 6 are diaurammaiic side elevations of the electrode assemblies of five forms 
of electrode unit constructed in accordance with the invention. 

Figure 7 is a perspective view of a modified form of the electrode assembly of Figure 3; 

15 

Figure 8 is a perspective view of part of the assembly of Figure 7: and 
Figure ^ is a cross-section taken on the lines A- A of Figure 7. 

20 Each of the electrode units described below is intended to be used with a conductive 
distensionmedh.msuchasnormalsaline.andeachu«thasadual-ele«rodestm^^ 
,l« conducrive medium acing as a conduaor between the tissue being treated and one of 
the electrodes, hereindler called the return electrode, The other electrode is applied 
directly to the tissue, and is hereinafter called the ussue ucatmenl (active) electrode. In 

25 many cases, the use of a liquid distension medmm is preferable, as it prevents occessive 
electrode temperature, in most drcumstances. and laigdy efiminates tissue slickm^^ 

Referring to the drawings. Figure I shows electrosurgical apparatus inckiding a generator 
» having an output socket 2 providing a rmfio frequency (RF) output for an instn-nent in 
30 the form of a handpiece 3 via a com«ction cord 4 Activation of the generator I maybe 
performed from the handpiece 3 via a comrol connection in the cord 4. or by means of a 
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footswitch unit 5, as shown, connected separately to the rear of the generator I by a 
ftxrtswitch connection cord 6. In the ilhistraicd embodiment, the footswitch unit 5 has two 
footswiiches 5a and 5b for seieaing a desiccation mode and a vaporisation mode of the 
generator I respectively The generator front pand has push bunons 7a and 7b for 
5 respectively setting desiccation and vaporisation power levels, which are indicated in a 
dis|rfay 8. Push buttons 9a arc provided as an alternative means for selection between the 
desiccation and vaporisation modes. 

The handpiece 3 mounts a detachable electrode unh E, such as the electrode units El to E5 
10 to be described bdow. 

Figure 2 sbov« ihc first form of electrode unit El for detachable fastening to the 
dectrosurgical instrument handpiece 3. the electrode unit contprising a shaft 10, which is 
constituted by a scmi-flcxibic tube made of stainless steel or phynox electroplated in 
15 copper or gold with an dcorode assembly 12 a a distal end thereof At the other end (not 
shown) of the shaft 10. means are provided for connecting the electrode unit El to the 
handpiece 3 both n>ecbanically and electrically. 

The RF generator I (not shown in Figure 2) delivers an clearosurgicai current to the 
20 electrode assembly 12. l*he uencrator includes means for varying the delivered output 
power to suit different dectrosurgical requirements. The generator may be as described m 
the specification of our European Paiem Application 96304558.8 

The dccirodc unit El inchides an active dearodc 1 4 which is constituted by a plurality of 
25 filaroems made of tungsten or an alloy of tungsten or platinum. The nawc (brush) 
dearodc 14 is connected to the RF generator I via an insulated central copper conduaor 
(not shown). A ceramic insulation sleeve 16 surrounds the central conductor, the fUanoems 
1 4a of the brush dcctrodc passing along the insulation sleeve and extendii^ laterally 
thereftom through a cut-out I6a. A r«um dectrode 18. which is constituted by the distal 
30 end of the instnimcni shaft, surrounds the proximal end of the sleeve 16. An outer 
insulating coating 20 (which could be polyvinylidenc fluoride, a polyiraide. 
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polytcirafluorocthylcnc a polyolefin, a polycsier or ethylene ictrafluoroeihyicnc) 
sunounds the proximal portion of the shaft adjacent to the rcttim electrode 1 8. The return 
electrode IS is formed with a hood-like extennon 18a which extends over the sunace of 
the sleeve 16 which is opposite to the cut-out 16a, The electrode unit D can, thus, provide 
5 maximum tissue engagement for shallow working angle applications, and is known as a 
side-effect electrode. 

This dectrosuripcal tnsnuinent is particularly useful for rapid tissue dcbulking. One of the 
problems which could be encountered when tissue is rapidly debulked using an 
10 arthroscopic elearodc configuration, particularly when working in small joint spaces^ is 
the production of vapour bubbles generated as an end product of tissue vaporisation. Such 
bubbles obscure vision, and can coalesce at the site of tissue application, so that the 
electrical circuit between the active and rettiro decirodes becomes compromised by the 
absence of conductive fluid. Irregular active electrodes having filamentary, mesh or coiled 
IS spring forms go some way to solving this problem, as they reduce the vaporisation 
threshold as disclosed in the specification of our Intcmalional Patent Application 
GB97/00065. Another advantage of these electrode fonns is that the bubbles generated 
by vaporisation are smaller than those formed by solid electrodes. As the bnish electrode 
14 of this electrosurgical instrument is of irregular shape, it also has the advantage of 
20 producing relatively small vapour bubbles as the product of tissue vaporisation. The 
production of vapour bubbles is. however, funher reduced as a result of the tower 
threshold power of vaporisation which results from use of the cicarodc unit EK This 
improvement results from the hood-like extension 18a of the return decuwie 18 which 
extends over the back of the aaive dectrode 14. This reduces the separation between the 
25 active decirocte 14 and the return dectrode 18. thereby rcAicing the decttrical fidd and the 
vaporisation threshold power of the active electrode. This enhances the speed of 
vaporisation of die tissue at a tower power than would otherwise be required for t^ 
active dectrode area, and hence reduces the formation of vapour bubbles. As the hood-fike 
extension 18a extends along the entire length of the active dearode 14, a large active 
30 electrode size can be supported, despite the reducrion in dectrode separation. 
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The robustness of the dcctrodc asscmbh* 12 is also hmponant in arthroscopic surgery, both 
because of the tendency of suri^eons to use an electrode assembly as a cold manipulator, 
and because of the riipd nature of the tissue to be treated - particularly bone and canilage. 
The hood'like extension I Sa adds mechanical strength to the electrode asseihbly 12, as it 
5 extends over the ceramic insulation sleeve 16, thereby reducsi^ the risk of ceramic fracture 
and potential breakdown of insulation. 

The electrode unit El is intended primarily for use in arthroscopic surgery which requires 
rapid tissue debufidng by vaporisation, in use. the electrosurgical instrument is manipulated 

1 0 to introduce the electrode assembly 1 2 into a selected operation site (for example, within 
The joint space of a knee), so that the brush electrode 14 contacts the tissue to be treated, 
and with the tissue and the electrode assembly inunersed in saline. The footswitch 5b (or 
the push button 7b) is then operated to set the required power level for vaporisation. The 
generator I then provides sufficient RF povw to the electrode assembly 12 to vaporise the 

1 5 saline surrounding the brush electrode 1 4. and to maintain a vapour pocket surrounding 
tMs elecuodc Using a brushing technique, with firm pressure against the tissue surface, 
rapid debulking of the tissue is achieved. Gently touching the tissue wiD reduce the effect, 
and can be used to sculpture and smooth the residual tissue surface. 

20 Because of its speed of debulking and side-effea configuration, the electrode unit E I also 
has advantages in urologicai surgery as an EVAP technique for use in coigunction with a 
resectoscope. A rcscctoscope elecuode unit is introduced very diffcrenilv, in that it is 
mourned on an endoscc^ prior to passage of the assembled instrument through a working 
sheath tmroduced via the urethra. The proximal end of the electrode unit is connected to 

25 a trigger assembly and an dcaricai contaa which is integral with the resectoscope. By this 
means, the electrode unit can be moved back and forth through a defined range of motion 
by operating the trigger mechanism. As the electrode unii b assembled prior to 
introduction, the size of the tip is not construned by working channel dimensions, but 
rather by the diameter of the working sheath which can be up to 10 mm. Pan of this 

30 diameter is occupied b\' the support wires to the dcctrodeumuvandiwire^ 

bent in a downward angle, with respea to the endoscopic image, to tte working tip, so 
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lhat they do not imerfcrc with either visualisation or its cperaion. The brush dccirode M 
can have a length lying within the range of from 3 mm to 4 mm and a width lying in the 
range of from 2 mm to 3mm, and this size is ncccsaiy for urological surgery given that, on 
average, 20-30 grams of prostate tissue must be removed. 

5 

Because of the reservoir effect of the urinary bladder, and the mounting of the endoscope 
to view the tip of the active elccm>de from below, bubble generation during vaporisation 
IS less of a problem during endoscopic urology, as the bubbles flow away from the 
endoscope to accumulate in the bladder. Nevertheless, the use of the electrode unit El 
1 0 substantially reduces the possibility of buMrfe generation causing problems. 

Although the electrode unit El is intended primarily for use in the vaporisation of tissue* 
it can also be used for desiccation, particularly of synovial membranes or to separate 
muscle attachments In this case, once the electrode assembly 12 has been introduced into 

15 a selected operation site, the RF generator I is aauated using the footswitch 5a or the 
push button 7a to set the required power level for desiccation. The generator will then 
provide sufTiciem RF power lo ihe elecuodc assembly 12 to maintain the saline adjacent 
to the brush dcarode 14 substanually at its boiling point without creating a vapour pocket 
surrounding that electrode. The instnimcnt can then be manipulated by moving the brush 

20 electrode 14 across the surface of the tissue to be treated in a sidc-io-sidc 'painting- 
techitique. 

The electrode unit El can also be used for blending tissue. Thus, by automatically 
altemaimg the output of the RF generator I between the desiccation and vaporisation 

25 power levels, more haeroostasis is produced then is possible in the vaporisation mode. As 
a consequence, the speed of tissue debulldng can be reduced, which isuscfiil when cutting 
or defauUdng vascular tissiw structures. Alternatively, the output of the RE generator 1 can 
be pulsed at the vaporisation power level, without cycled activation of the desiccation 
mode. This produces a less aggressive tissue vaporisation than occurs in the vaporisauon 

30 mode, wirh a consequent reduction m both bubble formation and the risk of tissue charring. 
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Fimires 3 to 6 show electrode uniis E2 to E5 which are modified versions of the electrode 
unit El Accordingly, like reference numerals will be used for like pans, and only the 
modifications wiD be described in detail. Thus, the active electrode 14 of the electrode unit 
E2 is a coiled-spring electrode mounted within the cur-oui 16a. The coiled spring 
5 dearodc 14 is made of tungsten or an alloy of tungsten or platinum, and its proximal end 
is coimcaed to the RF generator 1 via an insulated central copper conduaor (not shown). 

The electrode unit E3 of Figure 4 is of "sputnik* form, having an active electrode 14 
constituted by a pluraKiy of needle-like protrusions 1 4a extending from a thin metal base 

10 plate 14b mounted wiihin the cut-out 16a in the insulation sleeve 16. Both the base plate 
14b and the protrusions 14a are made of tungsten or an alloy of tungsten or platinum. The 
needle^like protrusions 14a are connected to the RF generator I via a common insulated 
central copper conductor (not shown). This unit E3 is less complex to manufaaurc as 
compared with the brush-iype form of the unit El, and will produce similar effects, 

1 5 Moreover, it allows for variations in the density of the needle-like protruaons 1 4a over the 
area of the base plate 1 4b. 

Fiuure 5 shows the electrode unit E4 having an active electrode 14 which is constituted by 
a mesh made of tungsten or an alloy of tungstoi or platinum This electrode unit E4 can 
20 be provided with a suction pump (not shown) which can remove vapour bubbles via the 
shaft of the instrument through the active dcarode 14 This enhances the elimination of 
vapour bubbles from an operation site, which is particularly aOvantagcous during 
aggressive tissue debulking. The suaion pump must be conuoUed so that the flow of 
bubbles through the electrode 14 is balanced to the output charaaeristics of the RF 

25 generator I lo prevent excessive cooling of the active electrode and a resultant increase 
in iu vaporisation power threshold. The thermal mass of the mesh active electrode 14 is 
lower than that of i solid form active electrode, and this assists in rapidly re-establishing 
the vapour pocket around the active electrode should this collapse following excessive 
cooling. The control means for the suction pump may involve the use of an intermittent 

30 suction technique. 
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Figure 6 shows ihc electrode unh E5 having an active electrode 14 of the coiled spring 
type. Here, however, the cm-out 16a is formed obliqueJy (at 4S*) across the distal end fiicc 
of the insulation sleeve 16, so that the exposed end of the active electrode 14 has both an 
axially-facing tissue contact portion and a latcrally-fadng tissue contact portion. The tip 
5 of the ccMlcd decirode 14 is also angled at 45 degrees to the axis of the instnimcnt, so that 
this electrode unit is both an end-cffcci electrode and a side-effect electrode. The main 
advantage of this electrode unit ES is that it can be used in conjunction with endoscopic 
surgery techniques whidi require working channel introduction. 

10 The Figures 7 lo 9 show a modified form of the electrode unit E2 of Figure 3. TWs 
electrode unit E2* has an active electrode 14' in the form of a coilcd-spring elearode 
mounted within a cut-out 1 6a* in the insulation member 16V The coilcd-spring elearode 
1 4* is made of tungsten or an alloy of tungsten or platinum, and its proximal end is 
conneaed to the RF generator by an insulated central copper conduaor (not shovim). As 

1 5 shown in Figure 8, the insulation member 1 6* is formed with a recess I6b* which recwves 
the return elearode 1 8* and its extension 1 8a' (not shown in Figures 7 and 8). 

As shown in Figure 9. the active electrode 14' has a distal end portion which is exposed at 
the distal end of the instrument for tissue contaa. This embodiment has advantages over 
20 !he eariier embodimems. particulariy where access is needed to remote areas of a joint 
cavity Thus, in such remote joint cavity areas, the extension of the insulation member 16 
of each of the embodiments oi* Figures 2 lo 5 may prevent the associated active electrode 
1 4 accessing these areas. 

25 Figure 9 illustrates the way in which the insulation member 16' projeas laterally in the 
region between the active electrode 1 4* and the extension 1 8a' of the return electrode 1 8\ 
This laterally-projecting part of the insulation member \S increases the conductive fluid 
path length from the active electrode 1 4' to the return elearode 1 8*. and forces the electric 
fidd outwardly, thereby preventing preferential arcing between the return dearode and 

30 the nearest part of the aaive electrode, and pronnoting ardng between the active dectrode 
and the neighbouring tissue The return dearode 1 8* is spaced from the active electrode 
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14* so thau in use, it does not contaa the tissue to be treated, and so that the eicctrical 
circuit is always completed by the saline, and not simply arcing between the electrodes. 
Indeed, the arrangement is such that arcing between adjacent parts of the electrode 
assembly is avoided, thereby ensuring that the active electrode 14' can become enveloped 
5 in a vapour pocket, so that tissue entering the vapour pocket becomes the preferred path 
for current to flow back to the return electrode 1 8* via the conductive fluid. 

To consider the operation of the electrode unit E2* in more detail, when it operates in a 
tissue cutting or vaporising mode, a vapour bubble is formed around the tip 14'a of the 

10 active elearode 14* This tip I4'a constitutes an active dearode treatment ponion. This 
bubble is sustained by arcing within it. The greater the applied voltage, the greater is the 
size of the bubble. The enerux* dissipated by each arc is impedance-limited by the remaixung 
fluid in the conduction path and by the source impedance of the generator However, an 
arc behaves as a negatix-e impedance in that, if the energy in the arc is sufBcientty high, an 

1 S ionised path of very low impedance is formed. This can lead to an unstable conctition of 
ever-decreasing ionised path impedance unless the impedance of the fluid between the 
bubble and the return elearode I S* is sufficient to act as a limit on dissipated power. It is 
also possible for the vapour pocket around the active electrode treatment portion 14*a to 
encroach the return dcarpde 1 S' In these circumstances, the arc energy is limited only by 

20 generator source impedance, but such power limitation is poor and cannot be adjusted 
according to electrode sire. For these reasons, the dimensions and coitfiguration of the 
Insulation member 16 should be such as to define a minimum conduction path length of 
1mm between the active electrode treatment ponion 14*a and the fluid contact surface of 
the return dectrode 1 S* This minimum path length is. in the case of the embodiment shown 

25 in Figure 9. the arc length a of the insulation member 16' plus the step dimension c of the 
laterally-projecting pan of the insulation member. 

A further consideration is the possibility of a vapour pocket forming only over pan of the 
exposed treaimeni ponion 14*a of the active electrode 14*. When the applied voltage and 
30 power are suffidoitly high, a \apour pocket will form aroimd the active dearode exposed 
treatment ponion I4*a Preferably, the pocket is formed uniformly over the entire length 
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of the treatment portion, in such a situatioa the toad impedance presented to the generator 
can change by as much as a factor of 20. However when there are significant differences 
in the conduction path length between the return electrode fluid contaa surface Ua* and 
different pans of the exposed active eiectrode treatment ponion I4*a. a voltage gradient 

5 is established over the lei^th of each electrode. With so me insulation roexnber and active 
electrode configurations, the voltage gradient can be sulildently targe to enable vapour 
pocket formation only over that pan of the exposed treatn^era ponton closest to the fluid 
contact surface* leaving the extreme distal end of the exposed treatment portion still in 
contaa with the conductive fluid. Thus, the voltage gradtem is established within the 

1 0 conductive fluid where the edge of the vapour pocket intersects the surface of the active 
electrode treaintcnt portion I4*a. The electrical behaviour of such a paniaUy-envdoped 
active elearode treaimem ponion I4*a is very different from that of a fully-enveloped 
treatment ponion In terms of controlling generator output by sensing peak voltage^ the 
behaviour of the eiectrode assembly ;s no longer bistable. However, the power desiand is 

15 considerably higher as a resuh of the vaporisation voltage presemed across the low 
impedance wetted region of the active electrode ueatment portion 14'a. The clinical effect 
is not only the required vaporisation, but also an undesirable thermal damaging efifea 
resuHtng from the increased power dissipation. 

20 Partial enveloping of the active electrode treatn>cm ponion t4*a can be largely avoided by 
ensurirm that the ratio of the length b of the conduam path between the lunhemMst point 
of ihe active etectrode treatment ponion and the length of the shonest conductive path 
between the active electrode treatment portion and the fluid contact surface is at most 2: K 
ie b/Ca-^x) s 2. The laterally-prcjcciing portion of the insiilation member 16* deftnes an 

25 insulation barrier to direct electrical current flow through the fluid medium, thereby 
increasing the shonest conductive path between the fluid conuct surface I8*a and the 
active eiectrode 14* 

It will be noted from Figure 9 that the downward extent of the exposed active electrode 
30 treatment ponion. ie. the distance d by which the active electrode projects beyond the 
shrouding pans of the insulation mender 16* on each side; is ai least oite half of the width 
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of ihe exposed treaiment portion in a iransvcrsc plane. This allows the insmxmcnt lo be 
rotated about the axis of iis shaft to some extent without loang the required surgical effect. 

Figure 9 also shows that the aaivc elearode 14' has an exposed cod (the tip 14*a) which 
5 extends lalcraUy through the cut-out 16'a in a first direction which is opposite to the 
direction in which the fluid contaa surface 18a' faces. This first direction defines a 
treatment axis which lies in a conunon plane with the two shortest conductive paths 
referred to above. The electrode units of the embodiments of Figures 2 to 6 also include 
this feature. 

10 

It should be noted that the insulation member 16 of each of the embodiments of Figures 
2 to 6 also has laterally-projecting part which increases the conductive fluid path length 
from the actWe electrode 14 to the return electrode 1 8. These elwtrode units also are such 
that the ratio of the length of the conductive path between the furthermost point of the 
1 5 active elearode treatment portion and the fluid contaa surface of the return electrode, and 
the length of the shortest conductive path between the aaivc electrode treatment portion 
and the fluid contaa surface is at most 2.1. 

In order further to improve access to remote joint cavity areas, the distal portion of the 
20 electrode shaft of each of the embodiments described above could be angled, say between 
15** and 30". with respect to the main ponion of the instrument shaft In a further 
modification, titanium could be used as the material for each of the active elearodes. 

It will be apparent that modifications could be made to the embodimems described above. 
25 For example, the enAodiments of Figs I to 4 and 6 could each be provided with a suction 
pump for removing vapour bubbles via ihe shaft of the instrument through the active 
elearode. It would also be possible to make the insulation sleeve 16 of each of the 
cn*odimeni» of a silicone rubber (such as a silicone polyurcthanc), ^ass, a polyimide or 
a thermoplastics material. 



30 
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CLAIMS 

I. An dccirosurgicaJ instnimcnt for the treatment of tissue in the presence of an 
dearically-conductive fluid medium, the instrument comprising an instrument shaft* and 

5 an electrode assembly at one end of the shaft the electrode assembly comprisii^ a tissue 
treatment electrode and a return electrode which is eiectricaily insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatment electrode 
having an exposed end extending laterally through a cui-out provided in the tnsulatiod 
member at the distal end ponion of the instnimcnt. and the return electrode having a fhild 

1 0 contaa suriace wfuch overfies the insulation member in the region of the cut-out, said fhiid 
contact suriace being spaced from the dssue treatment dearode in such a manner as to 
define, in use, a conductive fluid path that completes an dectrical drcuit between the tissue 
treatment dectrodc and the return electrode. 

15 2. An electrosurgical insiniment for the treatmem of tissue in the presence of ah 
dectrically-conductive fluid mediunu the instnimem compri^ng an instrument shaft* and 
an e{ectrt>de assembly at one end of the shaft, the dectrode assmbly comprising a tissue 
treatment elearpde and a return dectrode which is dectrically insulated from the tissue 
treatment dearode by means of an insulation member, the tissue treatment electrode 

20 having an exposed end extending laterally through a cut-out provided in the insulation 
mento-. wherdn the return elearode has a distal end ponion with a fluid contaa surface 
which overlies the insulation member in the region of the cut-oui and faces laterally in a 
first direction, and wherdn the insulation member prefects laterally outwardly between said 
distal end ponion and the tissue treatment dectrode, the tissue treatmem dectrode facing 

25 laterally in a second direction opposite to said first directioa 

. 3. An dectrosurgical instniment as claimed in claim 1 or daim 2, wherein the exposed 
end of the tissue treatment dearode is constituted by a phirafity of tissue contaa 
filamentary members made of an dcarically-conduaive material, the filamentary members 
30 bdng electrically cdnneaed to a common dearical supply conductor 
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4. An dccirosurgica) insmimcm as claimed in claim 3, whcran a sin^e coiled filament 
constitutes the filamentary ntembcrs. the coils of the filament constituting the filamentary 
members 

5 5. An clectrosurgical instrument as claimed in daim 4. wherein the filament has a 
diameter lying within the range of from 0.05 mm to 0.5 mm. 

6. An dcctrosurgical instiumcm as claimed in claim 3, wherein a plurality of separate, 
individual filaments constitute the filamentary mcmbcn. 

io 

7 An clectrosurgical msimmera as claimed in claim 6. wherein the filaments each 
have a length lying \xiihin the range of from 0.5 mm to 5 mm. 

8. An elccirosurgical instrument as claimed in claim 6 or daan 7. wherein the 
15 filaments each have a diameter lying within the range of from 0.05 ram to 0.5 mm. 

9. An elcctrosuruical mstrument as claimed in any one of claims S to 8, wherein the 
' filamentary members arc made of tungsten. 

20 10 An elecirosurgical inswumcni as claimed in any one of claims 3 to 8. wherein the 
filamentary members arc made of an alloy of tungsten or platinum. 

n . An eJccirosurgical instnmicm as claimed in dahn I or daim 2, wherein the exposed 
end of the tissue contact dcctrbde is constituted by a mesh. 

25 

12. An dectrosur^cal instrument as daimcd in any one of daims I to U. fiirthcr 
comprising suction means for applying a sub-atmosphcric pressure to the imerior of the 
umdaiion member, whereby vapour bubbles produced in the region of the tissue treatment 
dectrode are evacuated via the imerior of the instrument. 
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13. An elecirosurgicaJ insfnimcnt as claimed in any one of claims I to 12, wherein the 
cui-out is fonncd in a lateral surface of the insulation member adjacent to the distal end 
thereof 

5 14. An electrosurgical instrument as claimed in any one of daims I to 1 2, wherdn the 
cut-out is formed obliquely across the distal end face of the insulation rocrri>cr, whereby 
the exposed end of the tissue treatment eiearode has both an Bxiaily*facing tisstie conuct 
portion and a laterally-facing tissue contact portion. 

10 15 An electrosurgical instrument as claimed in any one of claims I to 14; wherein the 
dimensions and confiiruration of the tissue treatmcm electrode, the fluid contact surface 
and the insulation member are such that, when the electrode assembly is iminersed in a 
conduaive fluid medium, the ratio of (i) the length of the shortest ODnduciion path through 
the fluid medium between the fluid contaa surface and that part of the tissue trcatmem 

\ 5 electrode which is furthest from the fluid contact surface, to (ii) the length of the shortest 
conduction path through the fluid medium between the fluid contact surfecc and the tissue 
treatmem electrode is at most 2 to I . 

16. An elecuosurgical instrument as claimed in claim 15. wherein the ratio of (i) the 
20 length of the shortest conduction path through the fluid medhim between the fluid contaa 
sur&ce and that pan of the tissue treatment electrode wluch is furthest from the fluid 
contaa surface, to (ii) the lemjth of the shortest conduaion path through the fluid medium 
between the fluid contaa surfece and the tissue treatment dectrode is greater than or equal 
to 1.25. 

25 

1 7 An elearosurgicat instrument as claimed in claim 15 when appendam to daim 2, 
wherein the laterally-projecting portion of the insulation member defines an insulation 
barrier to divert dearical current flow through the fluid medhim therd>y to increase said 
- stertcsi conduction path length between the fluid contaa surface and the tissue treatment 
30 eiearode. 
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18. An etectrosurgicai imtniihent as claimed in claim 1 7. wherein the first direction 
defines a treatment axis and-said two shortest condualon paths lie in a common plane 
containing the treatment axis. 

5 19. An dectrosur^cai instrument as claimed in any one of claims 1 to 18^ wherein, in at 
least one transverse plane extending in the first direction, the tissue treatment electrode 
prefects beyond the insulation member tn the first direction by a distance which is at least 
one half of the transverse width of the projecting part of the tissue treatment electrode, 

10 20. An electrosurgical instrument as claimed in any one of claims I to 19, wherein the 
dimensions and configuration of the tissue treatment electrode, the fluid contaa surface 
and the insulation n)ember are such that, when the electrode assembly is immersed in a 
conductive fluid medium, the length of the shortest conduction path through the fluid 
medium between the fluid contact surface and the tissue treatment elearode is at least 

15 Imm. 

21. An electrosurgical instniment as claimed in any one of claims 1 to 20, wherein the 
return electrode is in the form of a generally cyHndrical conduaive sleeve with an exposed 
sur&ce portion having a length and a diameter, the length of the exposed surface portion 

20 being at least as great as the diameter, and whcron, when the electrode assembly is 
immersed in a conduaive tluid medium, the ratio of (i) the shortest conduction path 
through the fiuid medium between the fluid contact surface and that part of the tissue 
treatment electrode which is furthest from the fluid contaa surface, to (ti) the diameter of 
the exposed surface portion of the return elearode, is at most 4.5 to 1 

25 

22. An electrode unit for an elearosurgical instrument for the treatment of tissue in the 
presence of an electrically-conductive fluid medium, the decuode unit comprising a shaft 
havii^ at oiw end nteans for connection to an iruirumem haitdpiece, and, mounted on the 
other end of the shaft, an electrode assembly comprising a tissue ueatmem electrode and 

30 a return dectrode which is dectricaJly insulated from the tissue treatment electrode by 
means of an insulation member, the tissue treatment dectrode having an exposed end 
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extending laterally through a cut*out provided in the insulation member, and the return 
dearode having a fluid contact surface which overlies the insulation member in the region 
of the cut-cut, said fluid contact surface being spaced from the tissue treatment electrode 
in such a manner as to define, in use» a conductive fluid path that completes an electrical 
5 circuit between the tissue treatment electrode aiul the return electrode. 

23 . An etearode unit for an dcctrosur^cal iostnunent for the treatment of tissue in the 
fracnce of an e)ectrica]ly^ndtiai\*e fluid medium, the dectrode unit con^nisthg a shaft 
having at one end means for connection to an tnstrument handpiece, and, mounted at the 

10 other end. an dearode assembly comprimg a tissue treatment dectrode and a return 
electrode wlsch is dectricaUy msulated from the tissue trcatroem dectrode by means of an 
insulation member, the tissue trcatroem dectrode having an exposed end extending 
laterally through a cut-out provided in the insulation member, wherein the return dectrode 
has a distal end ponion with a fluid conuct surface which overlies the insulation member 

15 inttbe region of the cut-out and faces laterally in a first cfirection. and wherein the insulation 
member projects laterally outwardly between said distal end portion and the tissue 
treafincm dectrode. the tissue treatment dectrode hdxis laterally m a second direction 
opposite to said first direction. 

20 24. Electrosurgicai apparatus comprising a radio frequency gertcrator and an 
dectrosurgical instrumem for the ireatnient of tissue in the presence of an dectrically- 
. conductive Ihiid medium, the instrumem comprising an instrument shaft and an dectrode 
assembly at one end of. the shaft, the decuode asseoibly comprising a tissue ireaimem 
dectrode and a return dectrode which is dectrically tnsuUted firom the tissue treatment 

25 electrode by means of an insulation member^ the tissue treatment dectrode having an 
exposed end extenduig btenOythroi^ a cut-out provided in the insulation memto' at the 
distal ertd ponion of the instmmcnt, the return electrode having a fkiid contact surface 
wttch ovcrfies the insulation ihembcr in the region <^ the cut-out, and the radio frequency 
genmtor having a bipolar output connected to the electrodes, said fluid contaa surface 

30 bdx^ spaced from the tissue treatment dectrode in such a marmer as to define, in use, a 
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conductive fluid path that completes an electrical circuit between the tissue treatment 
electrode and the return dectiode 

25. Electrosur^cai apparatus comprising a radio frequency generator and an 
5 electrosurgical instrument for the trcatnsent of tissue in the presence of an dectrically- 

conductivc fluid medmnu the instrument comprising an instrument shaft, and an electrode 
assembly at one end of the shaft the electrode assembly comprisng tissue treatment 
electrode and a return electrode which is electrically insulated irom the tissue treatment 
electrode by means of an insulation member, the tissue treatment electrode having an 

10 exposed end extending laterally through a cut-out provided in the insulation member, 
wherein the return electrode has a distal end ponion with a fluid contact surface which 
overlies the insulation member in the region of the cut-out and faces laterally in a first 
direction, and wherein the insulation member projects laterally outwardly between said 
distal end portion and the tissue treatment electrode, the tissue treatmem elecuode Bidng 

1 5 laterally in a second direction opposite to said first direction. 

26. Apparatus as claimed in claim 24 or claim 25, wherein the radio frequency 
generator indudes control means for varying the output power ddivered to the electrodes. 

20 27. Apparatus as claimed in daim 26. wherein the control means is such as to provide 
output power in first and second output ranges, the first output range being for powering 
the electrosurgi^ instrument for tbsue desiccation, and the second output range bdng for 
powering the dccirosurgical instrument for tissue removal by cutting or vaporisation. 

25 2Z, Apparatus as datmed in daim 27, wherein the first output range is from about 
\A0 volts to 200 vohs, and the second output ram$e is from about 250 volts to 600 volts, 
the voltages being peak voltages. 

29. Apparams as daimed in claim 26 or claim 27, wherein the control means is such 
30 as to alternate the output power between €tm and second powers m the first and second 
output rariges. 
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30. Apparatus as claimed in dairo 26 or claim 27. wherein the control means is such 
as xo pulse ihe output power at a power within the second output range. 
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CLAIMS 

1. An dcctrosurgical instniment for the treatment of tissue in the presence of an 
dectrically-CDnductive fluid medium, the instrument comprising an instrument shaft, and 

5 an dearode assembly at one end of the shait the electrode assembly comprising a tissue 
treatment electrode and a return dectrode which is dectrically insulated from the tissue 
treatment dearode by means of an insulation member, the tissue treatment dectrode 
having an exposed end extending laterally through a cut-out provided in the insulaxion 
member at the distal end portion of the instrumero, and the return dectrode having a fhiid 

1 0 contaCT suriace wivcb overlies the insulation member in the region of the cut-out, said fluid 
contact surface bdng spaced from the tissue treatment dectrode in such a manner as to 
define, in use. a conduaive fluid path that coii^>iete$ an dearical circuit between the tissue 
treatment dectrode and the return electrode. 

IS 2. An electrosurgical instrument for the treatntent of tissue in the presence of an 
dectrically*conduaive fluid medium, the instrumem comprising an instniment shaft, and 
an electrode asscmUy at one end of the shaft, the dectrode assembly comprising a tissue 
treatment dectrode and a return electrode wluch is electrically insulated from the tissue 
treatment dearode by means of an insulation member, the tissue treatment dearode 

20 having an exposed end extending laterally through a cut-out provided in the insulation 
member, wherein the return dearode has a distal end portion with a fluid comaa surfiice 
which overlies the insulation member in the region of the cut-out and faces laterally in a 
first direction, and wherein the insulation member projects laterally outwardly between said 
<fistd end portion and the tissue treatment dectrode, the tissue treatmem dectrode facing 

25 laterally in a second direction opposite to said first direction. 

3. An etectrosur^cal instniment as daimed in daim 1 or claim 2, wherdn the exposed 
end of the tissue treatmeiu dectrode is constituted by a phtrality of tissue contaa 
filamentary meirtos made of an decttkaOy-conductive material, the fdamentary members 
30 bdng dectrically conneaed to a comnKm dearical supply conduaor. 
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